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" 

30 
SCP-LE SEMISPAN MODEL OF TRE BELL X-? AIRPLANE AS 

DETEIiMIhTD BY  THE XACA WING-FLOW METSOD 

By Noman S. Si lsby and  Garland J. Morris 

An investigation  has  been made e t  transonic  speeds by the NACA 
wing-flov  method t o  determine  the  longitudinal-control  effectiveness 
and Ciownwash cherac te r i s t ics  of a - - scale  semispan nodel of the B e l l  

X-5 airplane  with  the wing sweptback 60°, h0, and 20'. Lift ,   drag,  

severs1  horizontal- ta i l   se t t ings  and  with  ta i l   off   for   each  angle  o f  

sweep tes ted.  The Reynolds number was about 1.0 X 10 . 

30 

I and pitching monent vere  obtained  for  various  angles  of  at tack  for 

6 - 
There was an  instz-Dility f o r  both  tafl-on  and  tail-off c o n f i y -  

ra t ions above  an angle  of  attack  of  ebout 8.5' f o r   t h e  model with  the 60' swegtbeck wing over s. Mach  number range from 0.83 t o  1.00, an6 Ebove 
ebout ?O acgle of z t tack   for   the  moiiel with  the bo sweptback  wing a t  
Mach nmbers from 0.7 t o  0.94. The effect iveness  or" the   s tabf l izer  i n  
producing  gitching-moment variations  appeared t o  be  linear  over  the  range 
of deflect ions  tes ted and WE.S af fec ted   re la t ive ly   l i t t l e   by   M~ch  Ember ,  
engle or" a t t s ck  (up t o  8'), o r  sweep angle. On the  basis  of the   resu l t s ,  
t o  t r in  the   fu l l - sca le   a i rp lane   in   l eve l   f l igh t  a t  Mach numbers from 0.75 
t o  1.05 required a grzduel chaEge in   s tzbi l izer   angle   covering a range  of 
k0 a t  &O,OOO feet a l t i t u d e  and  about 3 O  a t  20,000 f e e t  f o r  the   a i rp la re  
wlth  the 60' wing, and lo or  less chmge of s t ab i l i ze r   ang le   fo r   t he  air- 
plafie with wings of 4.9' or  20° sweep a t  ei ther   a l t i tude;   the   varFat ions 
with Mach nmber o f  stabilizer angle  required  for t r i m  w a s  stable  over 
the  range  tested  for  the  three sweep angles a t  both  alt i tudes,   except 
for   the  20° configuretion which  shared. 8 sl ight ly   unstable   var ia t ion 
zbove a Mach nmber of =bout 0.9 et bot5   a l t i tudes .  For a l l   t h r e e  swept 
wings tested,  the  values  of  the rate of change of downwash sngle  with 
angle of attack  increased  gradually  with  increasing Mach amber  so  t h a t  
m a x i m u m  values were resched zt   progressively  higher Mach n u b e r s  (less 
than 1.00) in   the  order   of   increasbg sweepback, a f t e r  which there wzs 
E. decrease  with  further  increase  in Mach number. 

- 
.. 



2 NACA RM ~ 5 2 ~ 1 2  

A s  p a r t  or' a progrm  to   deternine  the aerodynamic character is t ics  
of t he   Be l l  X-5 air_nlene  inconorating 6. wing whose angle of sweep can 
be w r i e d   i n  flight, en lx~vestigztion  has  been  aade a t  transonic  speeds 
by t'ne NACA Xing-flok- lnetnod cn a -- 

30 
1 scale  semispan  nodel. Tne semi- 

span  mcdel tes ted   d l f fe red  from %he fu l l - sca le   a i rp lzne   in  t h s t  the 
model had  treiXng-edge wing f i l l e t s  a t  a l i  sweep angles  except 69'. 
T3e Xing pivot  locations,  m e a  a e r o w m i c  chords, &?d location  of  the 
nean  aerodynpzic  chords  of  the model &id  not  correspond  exactly  with 
those  of  the  full-scale  airplane.   Results of t e s t s  a t  a Mec:? number 
of 1.24 have  been reported  in  references 1 to 5 .  The first report  on 
r e s u l t s  or" tests at transonic  speeds ( ref .  6 )  :resents t he   e f f ec t  of 
sweepback on the long i tud ina l   fo rce   cha rec t e rk t i c s   fo r  a t a i l  incidence 
of -2'. The results  presented  herein  consist  of neaexrements of lift, 
drag,  and  pitching Eopent obtained  in tests of the mcdel over a range 
of angle of a t tack  with t a i l  incidences of Oo, -kO,  and -6' w i t h  Yne 
ving swept  back 60°, a d  a t a i l  inciclence of -6' with  the wing sde_ot 
back 40' axd 20'. Kezsmenents were zlso made f o r  each sweesback angle 
with t'ne t a i l  o f f .  These data toge5her  witn  those cf reference 6 are 
used to  deternine  the  stabil izer  ef 'ectiveness and dowzwash character- 
i s t i c s  of the  zodel. The e f fec t ive  Mach number a t  the wing of  the model 
for   the  tests covered a range from about 0.7 t o  1.05 and the Reynolds 
nmber was of the  order  of 1.0 X 10 . 6 

b/2 model  wing s p a ,  in .  

C loca l   v ing   chord   ps ra l le l   to   p lace  of symmet-ry, in .  

C 
- 

aean aerodynaE5.c chord  of  wing based oil t i e  relat ionship 

- 
Ct mean aerodynzmic  chord of t a i l ,  in .  

0 

tirag cceff ic ient ,  - D 
qs 
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CL 

dCL - 
d a  

D 

i -t 

L 

M t  

M, 

drag  coeff ic ient  a t  zero lift 

lift coef f ic ien t ,  - L 
a_s 

pitching-monent  coefficient  about  center  l ine of balance 
(center-of-grzvity  locztioo of fu l l - sca le   a i rq lane) ,  - 

qSE 
M 

rate of  change  of lift coef f ic ien t  w i t h  zngle of  a t t ack  

rzte of chalge of pitching-noment  coefficient  with l i f t  
coef f ic ien t  

drag, l b  

effectiveness  of  horizontal  tai.1, per  deg 

e f f ec t ive  rate of change  of  dmnwash mgle  with  zngle   of  
a t t ack  

pres slire elti tude, f t  

incidence  of  horizontal t a i l  (referred t o  wing-chord  plane), 

l F f t ,  lb 

p2ltching uoment, in-lb 

l o c a l  Mlach nmber  a t  wing surface  of F-5I-D airplane 

e f f ec t ive  Mach number f o r  t a i l  of model 

eZfective Mach number f o r  wing  of model 

e f f ec t ive  dynzuiic pressure f o r  wing of  model, lb/sq et 

Reynolds number f o r  wing of model based on mean aerodynmic 
chord 

Reynolds nmber based on c t  - 



S wing area,  semispar, model (posi t ion  of  wing within  f iselage 
i s  considered t o  be formed by perpendiculars from wing- 
fuselage  intersect ions  to   plane of symmetry), 
p / 2  

c dy, so_ ft  
J Q  

Y spanwise  coordinate,  in. 

U angle  of  at tack  (referred t o  wing-chord plane),  deg 

6 ef fec t ive  &ownwash angle a t  t a i l  of model, deg 

A sweepback angle  referred t o  25-percent  chord  line of  So swept- 
back wing 

A prime indicates   coeff ic ients   based on dimensions  of  configuration 
with 60' a-eptback wing. 

APPARATUS A-!! TESTS 

The tests were made by the  NACA wring-flaw met'nod ir, which the  
m & e l  i s  rrounted i n  EL region ol" high-speed  flow  over  tae wing or' an 
F-5ID aj-qlsuze. 

The confiwrat icns   tes%ed and reported  nerein  consisted of the  
---scale  senispen  nodel of t he   Be l l  X-5 airplane  equipped  successively 1 
30 
with a 60' sweptback wiEg f o r  t a i l  ircidences o f  Oo, -bo, and -60, and 
with wings  of bo and 20° swee2back angles for a t a i l  incidence o f  -6'. 
Tne model v a s  also tes ted  with t a i l  o f f  f o r  each  angle of sweep of  t he  
wing. 

Geometric character is t ics   of   the  mo6el per t inent  t o  the  present  
tests are g iver   in   t ab le  I and in figure 1. Photograpks  of  various 
configmations of %??e model a re  shown i n  figures 2 and 3. Further 
a e t a i l s  of the  nodel  construction mcy be  found in   re fe rences  1 t o  6. 
The  model w a s  originally designed and constructed so tha t   the   p i tch ing  
moment would be lceesured  about the gross  weight  center-of-gravity  loca- 
t i o n  for the fu l l - sca l e   a i rp lme .  T'Ms center-of-gravity  location  corre- 
sponded -Lo the  25 percent mean aerodynamic  chord  of the wing i n  each 
sweep posi t ion.  However, soue changes in  the  design of t'ne fu l l - sca le  
a i rplane,   specif ical ly ,  a re6uct ion  in  wing span  and  the  addition of a 
trail ing-edge f i l l e t  t c  t'ne wings ir- all sweep gosit ions  except 6oo, 
were incorporated ir. the  semisgan  node1  before i t s  construction was 
completed; these changes a l t e r ed   t he  mean aerodF-aEic  chords and t h e i r  
locat ions so t h a t   t h e  26 percent lresn  aerodynamic  chord of the  60° wing 
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and t'ne 35 percent mevl aerodynmic  chord of the bo and 20° wings 
correspond to  the  center-of-gravity  position  about which the  pi tching 
moments were taken. S t i l l   o t h e r  changes i n  the  a i rplane not incorpo- 
rated i n  the semispan model of  the  present tests have al tered  both  the 
trail ing-edge f i l le ts  and t'ne longi tudinel   locst ior  of the  wings  with 
respect   to   the  fuselage,   that  is, the  t ranslat ional   locat ions of the 
wing pivot  point  for  the  various sweep m g l e s  of the model do not 
correspond  with  those 02 t he   fu l l - s ca l e  B e l l  X-5 airplane.  Also, the 
mean eerodymiuic  chords  and the i r   r e l a t ions  t o  the  pfvot  points  are 
different  because of  the  trail ing-edge f i l lets on the model. 

The mounting of  the model and  nethod of t e s t ing  were s imilar  t o  
that   described  in  reference 6 .  Because the model and balvlce were 
arranged  to   osci l la te   as  a unit, forces were  measured  normal  and paral-  
l e l   t o   t h e  model fuselage  reference l i n e  a t  a l l  angles of a t tack.  Coo- 
tinuous measurements  were made of angle-of  at tack, n o m l  force,  chord 
force and pi tching monent as  the model was o s c i l l a t e d   a t  %. rate of  about 
20 degrees  per  secood  through  an  angle-of-attack  range of about -4O 
t o  12O. A typica l  chordwise Mach number d i s t r ibu t ioa   i n   t he   t e s t   r eg ion  
on the  eirplane wing 2 s  determined from stat ic-pressure meesurements a t  
the wing surface wiiA the model removed i s  indicated i n  figure 4. The 
average  vertical  Mach nunber  gradieot,  detemizled from stat ic-pressure 
measurements made with a static-pressure  tube  located a t  various &is- 
tances up t o  6 inches above the  surface  of  the test section, w a s  found 
t o  be &bout -0.006 per  inch. T'ne e f fec t ive  CQnanic gressure  for   the 
model  wing q, the   effect ive Mach nunber f o r   t h e  model wing Mw, and 
t'ne e f fec t ive  Mach number f o r   t h e  model ta i l  Mt were obtained  fron an 
integretion  of  the Mach number distribution  over  the  area  covered by 
the wing  and t e i l  of the Eodel. A more conplete  discussion of the 
method of determining  the  effective Mach number and dynamic pressure 
Tor the model ncy be found in  refereace 7. For the   p resent   t es t s ,   the  
Mach nunber fo r   t he  wing  of the model covered a range from &out 0.7 
to 1.05. The average  relatioo between  Reynolds  nunber  of the &lo swept- 
back  wing R,' am5 the Reynolds number o f  the tsil R t  with  the Mech 
number a t   t h e  wing M, is  shown i n  f igure 5.  The Reynolds number f o r  
the wings other  than  the 60° sweptback wing can  be  found  by  multiplying 
the  values of  rC,' i n  f igure 5 by t h e   r a t i o  of 'c of the wing desired 
t o  C of t'ne 600 wing. 

REDUCTION OF DATA 

Sample h t e  ere  shown in   f igure  6 fo r  one osci1la"lion  through  the 
angle-of-atteck  range. The  Mach  number M ,  vzried from 0.860 t o  0.851 
during tine cycle. The c m e s   f a i r e d  through Ynese points   are   used  to  
g ive   resu l t s   for  a Mach nunber  of 0.856. Similar ly ,   data   for   several  .. 
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cycles were re&dceC f o r  each  configuration and cross   plot ted .to shoG 
va r i s t i ons  o f  the  character is t ics   with Mach number at constant lil't 
coefffcients .  

L i f t ,  drag,  an6  pitchiq-monent  coefficients are based on the  wing 
area extended to   tke   fuse lage   cen ter  l i n e  as shown i n  figure 1. I n  the  
bas i c   da t a   g re sen ted   i n   f i gwes  7 t o  9 the coePficients are based 03 
respective wing  dimensions; i n  a l l  subsequent figures the   coef f ic ien ts  
are based on the  dimensions of  the  60' wing 5n order t o   i nd ica t e   t he  
c3arac te r i s t ics  or' t'ne model as f o r  a var iable  sweep airplane.  

A l l  pitching-moment r e s u l t s  are r e f e r r e d   t o   t h e  I'useiage s t a t ion  
on the  mdel   correspooding  to   the  gross   veight   center  of gravi ty  of  the 
full-scale airplane,  such  statLon  corresponding t o  the 26 percent  nean 
aerodynamic  chord f o r   t h e  60° wing, and the 35 percent Eean serodynmic 
chord  for   the bo ar,d 203 wfngs. 

The valiles o f  de/da against  Mach number fo r   t he  model with  the 
60°, bo, snd 20° swegtback  wings were obtained from Yne resul ts   g iven 
i n  figures i o  m d  11 an& from p lo ts   s imi la r  t o  these a t  var iom  o ther  
Mach nmbers  within  the  range  tested.  The a s s u p t i o n  was made t h a t  the 
cowowash angle w a s  eqlal to   t he  sua of t'ae t a i l  inci&ence  and  the  angle 
o f  a t tack  a t  which the pitching moment f o r  that p a r t i c u l a r   t a i l   i n c i -  
dence was equal   to   the  ? i tching momeat wit:? t a i l  of f .  Thus, curves 
of E against  o. were determined  for  various Mach numbers m d   t h e  
sloges &E/& were obts-ined. For t ke  4.0' and 20° sweptback  wings, 
curves of E egainst  c were determined  in a similar manner. However, 
i n  view of  the  l imited  data  (only two t a i l  incidences  for  these sweep 
angles) an average  slope of a C & 3 i t  o f  -0.0186 w s s  used t o  d r a w  Yne 
curves  through  the two data points  for each a ar-d cross plots a t  vari-  
01;s intermediate t e i l  incidences were Eade t o  e s t ab l i sh   cxves   o f  E 
against  a. 

DISCUSSION OF RESULTS 

The r e s u l t s  are presentee i n  f igures  7 t o  17. The q w n t i t i e s  and 
configurations, an& the   f igures   in  which  they  aFsear ere presented  in 
tab le  11. 

L i f t ,  drag, and pitching  mment. - The var ia t fcn  of  l i f t  coef f ic ien t  
wit'n m g i e  05' at%ack znd the   vzr ia t ion  of  pitchirg-moment  coefficient 
and drag  coefficiegt w i t h  l i f t  coef f ic ien t   ( f igs .  10 -Lo 12) f o r   t h e  model 
wi th   var ims  t a i l  inci&ences  indicate resalfs s imilar  to  tnose  for  a t a i l  
incidence cf -23 regorted i n  reference 6 over a Mach nwnber range T'rom 
2bouC 0.75 t o  1.05. Further  discussioE of these  Character is t ics  w i l l  
therefore  not  be  given  :?erein  except  in  regard t o  iongi tuc ina l   s tab i l i ty ,  
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par t icu lar ly  a t  l i f t  coeff ic ients  above 0.4, which w a s  not Ciscussed 
i o   t h e  tests of reference 6. 

Longitudinal  stabil i ty.-  A cornprison of the   var ia t ion  of  aCm'/&L' 
wCth  Mach Ember a t  CL'  = 0 f o r   t h e  mociel equigped  with  the  three 
sweptback  wings for   the  vzr ious t a i l  conditions  (fig.  E!(&)) iodicates  
t h a t   t h e   s t a t i c  margin ( the  difference between the  aeutral   point  and 
the  center of gravi ty  at 26 percent mean aerodynanic  chord of the 60° sweptback  wing) increases from 6 t o  12 Fercent mean aerodynamic 
chord deDending on the t a i l  incidence a d  sweep angle  with  increase i n  
Mach number from 0.7 t o  1.05. A t  a l i f t  coefficLent of 0.4 t h e   s t a t i c  
rrargin  increases  with Mach number frolr  about 11 to  21  percent  mean 
aerodynanic  chcrd of the 60' sweptbzck  wing, 8 somewhat l a r g e r   s h i f t  
on the  average  than a t  CL: = 0, at leas t   for   the   t a i l -on   condi t ions  
( f ig .   13(b) ) .  The s t a t i c  margin WES subs t en t i a l ly   g rea t e r   fo r   t he  
60° wing a t  CL' = 0.4  than  that   for  both  the 40° a d  20' wings. An 
instzbil i ty  with  increasing  angle  of  et tzck  for  both  tai l-on and tail-  
off  configwetions  occurs a t  angles of  a t teck  ebove about 8.5O fo r   t he  
configurations  with  the a0 sweptback  wing  over a Wach number range 
from 0.83 t o  1.00 and above about 5 O  ar-gle of a t t s ck  f o r  the  moiielwith 
the bo sweptback  wing  from a Mach number of 0.7 (the  lowest  tested) up 
to about 0.94 (see fig. 14) . The model v i t h   t h e  60° sweptback  wing 
( t a i l  on) again became s tab le  zbove about 10.2O angle of a t tack  up t o  
the naximun a f o r   t h e   t e s t s   i n  s. Mach number range  fron  about  0.94 
t o  0.97. A s l i g h t  tendency  toward i n s t a b i l i t y  i s  ind ica ted   for   the  con- 
figuration  with  the 20° sweptbzck  wing  and it = -2O a t  an angle of 
a t tack  of about go for Mach numbers from 0.8 t o  0.84. 

Longitudinal-control  effectiveness.- The slope of the  var ia t ion of 
pitching-nomert  coefficient , . I" witi.,  t a i l  incicence a%'/ait, which is 
regerded as the  t a i l  effectiveness  parameter  (fig. 1-61 , is i n  the  range 
f ron  -0.017 t o  -0.020 for the  Mach nwnbers t e s t ed  f o r  angles of e t tack  
up t o  80 l o r   t h e  model w i t h  the 60° sweptback  wiog. The tei l  effect ive-  
ness  parsmeter aCm'/&t w a s  not def in i te ly   es tab l i shed   for   the  bo 
and 20° swept-wing configurations dxe t o  a l imited number of  tes-t points, 
but  the  dashed  l ines of  figure 15, representing  an  approximate  fairing 
of C,' against  it f o r  the bo and 20° configwations,   indicate 
essent ia l ly   the  same range of values of &m'/ait a s   fo r   t he  60° wing 
for the  conditions  covered. Thus, f o r  a l l  configurations of the model 
t e s t ed  and for   angles  of a t tack  up t o  8O, the  effectiveness of  the  s tabi-  
l i z e r   i n  chaGging the  pi tching moment appears   to   be  re la t ively  constant  
over  the Mech number range  covered (0.75 t o  1.05). The value  of aC,'/ait 
obtailled f o r  similar  conflgurations a t  a Mach nmber  of 1.24 (ref. 3) was 
eboct -0.016 f o r  a l l  configurations,  indicating  only a sl ight  reduction 
i n  t a i l   e f f ec t iveness  a t  low supersonic  speeds  over  that at subsonic - speeds. The vaLues of aC,'/ait ob ta ined   in   these   t es t s  and in   those 



of  reference 3 may be  sl ightly  high  because of  the  higher Mach  number 
a t  the t a i l  of tAe nodel due to   the  chordvise   gradient   (see  f ig .  4). 

To t r i m  t h e   f u l l - s c a l e   a i q l a n e   i n  level f l i g h t  a t  Mach numbers 
from 0.75 t o  1.05 by  assarcing a wing loading  of 50 pounds per  square 
foo t  and a common center-of-gravity  location (26 percent mean aero- 
dynamic chord f o r  %he 60" sweptbeck  wing, 35 percent mean aerodynamic 
chord f o r   t h e  bo and 20° sweptback  wings) requires a gra6ual change i n  
s tabi l izer   angle   covering a renge  of 4' a t  b , O O O  f e e t   e l t i t x d e  and 
about 3 O  a t  20,000 feet  for   the  a i rplane  with  the 60° wing, and lo o r  
less change  of stabilizer angle   for   the  a i rplane w i " n  wings of bo or 
20° sweep a t  e i t h e r  a l t i tute  (see f i g .  17). The r e l a t ive ly   l a rge  trim 
cl*ar.ge indicated f o r  tke  60' wing i s  pr inc ipa l ly  6ue t o   t h e   h i @   s t a t i c  
margin f o r  the model with %he 60C wing, and i s  not   d i rec t ly  Cue -Lo 
corrpressibil i ty  effects.  Such hi& s t a t i c  margin  would not  be  expected 
t o  be  present   in   tke  ful l -scale   a i rplzne which  employs a greater  forward 
t rans la t ion  o f  the wing with increasing sweepback mgle. The var ia t ion 
o f  stebil-izer  angle  reqGired f o r  trin! with Each number i s  stable  over 
the  range  tes ted  for  b o t h  the  50° and 40' configurations  for  the  center- 
oI"gr&vity  locatton  noted above; for   the   a i rp lane   wi th   the  wing  swept- 
back 20° t'ne varia%ion  with Mach mmber of  s tzb i l izer   angle  for triln was 
s tab le  up t o  about M = 0.90 and sligh%ly  unstable  with  further  increase 
ia Xach  number to 1.025, t3e naxirnila: f o r  the tests. 

Downwash ckaracxerist ics.-  The absolu-ke values  of  the  effective 
downvash angles  given  in  f igure 18 are subject  t o  sone  uncertainty f o r  
the  following  three  reasons: (1) pitching moEent due to   d rag  of the 
t a i l  was neglected, (2) the CL a t  t h e   t a i l  may not  be 0 a t  q = 0 
due t o  flaw around  the  fuselage,  and (3 )  uapLblishe6  results  have  indi- 
ca ted   ths t   there  i s  a var i s t ion  of  about lo i n   t he   d i r ec t i cn  of flow 
over  the F-57D wing  between the  posit iors  occupied by the  wing and the  
t a i l  of the X-5 semispen  nodel.  Boxever, the   var ia t ion  of downwash 
angle  with  angle of a t tack  and with l i f t  coefficient  determined  by tine 
method  emFloyed should not  be  affected by t3ese contingencies. The 
values  of  dc/da  illcrease  gracually  with  increasing  nigh  subsonic Mach 
numbers and reach a maxinun: value  of 0.78 a t  1% = 0.9 f o r   t h e  model 
wi%k the  4 0 ~  swept%ack wing, 0.72 a t  Mw = 0.85 fo r   t he  200 configu- 
ratioa, and 0.34 a t  Itw = 0.93 for t he  &lo configuration; after these 
peaks t'nere i s  a decrease  with  further  increase i n  Mach number. The 
peck  value of dc/do. occxrs progressfvely a t  higher Mach numbers as 
the sweep angle  increases from 20° t o  &lo. At any Mech number the  value 
o f  dC/dCL, ir general,  increases  with  decreasing sweepbeck angle  except 
i n  a range 05 Mack? nmbers frog about 0.86 t o  0.94 wkere the  vslues  of 
de/& are   greater  fcr the 40° corfig-nation  than f o r  the model with 
the  20° SweptSack wing. T'ne value  of &/da (0.40) f o r   t h e  &lo COE- 
f igpra t lon   in   the  Mach n-nber  range from 1.00 to 1.05 is  only   s l igh t ly  
grea te r  than  the  valile of' 0.38 ( a l s o  shown i n   f i g .  18) obtained  for  the 
saxe  coofiguraticn z t  a Mech number of 1.24 i n  t'ne tests reported  in 
reference 3. 
I 
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COFiCLUSIONS 

9 

The r e s u l t s  of NACAwing-flov t e s t s  a t  trar_sonic  speeds to deter- 
mioe the  longttudinal-control  effectiveness and downwash charac te r i s t ics  
of a -- 

30 
scale  semispan  model  of the B e l l  X-5 airplene may be  s-mmarized 

as f ol lovs : 

(I) An instabi l i ty   with  increesing  angle  of a t t ack  Tor both  ta i l -on 
end tail-off  configurations wes indicated a t  aEgles  of  et tack  start ing 
a t  about 8.5' f o r  <le model with the 60° sweptback  wing over e Mach nm-  
ber  range from 0.83 t o  1.00, and above about 5O engle of  attack  ?or  the 
model with  the bo sweptback  wing a t  Mach nmbers  from 0.7 t o  0.94. 

(2)  The effectiveness o r  t h e   s t a b i l i z e r  i n  prodccing  pitchiog- 
moment variations  appezred  to  be  l inear  over the range of def lect ions 
t e s t ed  a d  WES efzec-ted r e l s t i v e l y  little by Mzch nmber,  aEgle  of 
a t tack,  3r sweep angle; the values of the   s tab i l izer   e f fec t iveness  
g a r m e t e r  were in the  range fron -0 . O l 7  t o  -0.020 f o r  a l l  conditions 
covered. 

(3)  On the besis of   the   resu l t s ,   to  t r i m  t he   f f l l - s ca l e   a i rp l ane  
i n   l e v e l   f l i g h t  z t  Mach nunbers  from  0.75 to 1.05 required a graciual 
decrease  in   s tabi l izer  engle covering a rznge of 4' at b J O O 0  f e e t   a l t i -  
tude and zbout 3O at  20,000 fee t   fo r   t he   a i rp l ane   wf th   t he  60' wing,  and 
10 o r   l e s s  chznge of' s teb i l izer   engle  f o r  the ai lplzne  with wings of uo 
or  20° sweep at e i the r   a l t i t ude .  The l a rge  t r i m  change f o r   t h e  60° swept 
wing was pr ioc ipa l ly  due t o  the  longitudinal  location  of  the wing  used i n  
the tests. The var ia t ion w i t h  Mech number 03 s t sb i l izer   angle   requi red  
f o r  t r i m  was s tzble   over   the  range  tes ted  for   the  three sweep angles a-L 
both  a l t i tudes,   except   for   the 20° configuration whFch  showed a s l i g h t l y  
unstsble   var ia t ion above a Mach  nEmber of =bout 0.9 at  both  a l t i tudes.  

(4)  For a l l  three swept  wings tested,   the  vzlues of  tbe  rate of 
chenge of  downwash angle  with  angle  of  et tack  increased  gradmlly  with 
Inc rezshg  Mach Ember, mximm vzlces  being  reached at progressively 
higher Mach numbers ( a l l  less than 1.00) in  the  order  of  increasiog 
sweepback, a f t e r  which there  wzs a decrease w i t h  fu r ther   increase   in  
Mach nmber  . 
Langley  Aeronautical  Laboratory, 

National  Advisory  Cornittee  for  Aeronautics, 
Langley Fie16 , V a  . 
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T M r n  I 

GEOZfiTRIC  CEMV-CTmISTICS O F  S C D  SEMISPAN MODEL 
30 

OF BETJ X - 5  A I R P W r F  

Wing dimensions: 
Sweepback angle. 6eg . . . . .  
Semispan. i n  . . . . . . . . .  
Mean aerodynamic  chord. i n  . . 
Chord a t  t i p .   i n  . . . . . . .  
Chord a t  plane of symmetry . . 
Area (semispan). sq i n  . . . .  
Aspect r a t i o  . . . . . . . . .  
Di'nedral (chord  plane). 5eg . 
Inciiience  (chord  plane). deg . 
Airfoil  section  (pe-rpendicular 

Root . . . . . . . . . . .  
T i s  . . . . . . . . . . .  

38.6-gercent-chord  line) 

. . . . . .  20 . . . . . .  6.18 . . . . . .  2.96 . . . . . .  1.84 . . . . . .  4.50 . . . . . .  15.84 . . . . . .  4.82 . . . . . .  0 . . . . . .  0 
t o  unsvep-l 

. . . . . . . . . .  

. . . . . . . . . .  

40 
5-31 
3.10 
1.84 
4.40 

14.97 
3.77 

0 
0 

60 
3-88 
3.64 
1.84 
4.25 

13 79 
2.18 

0 
0 

Horizontal tai l :  
Section . . . . . . . . . . . . . . . . . . . . . . . .  
Semispan. i n  . . . . . . . . . . . . . . . . . . . . . .  
Mean aero-amic chord. i n  . . . . . . . . . . . . . . .  
C h o r d a t t i p .   i n  . . . . . . . . . . . . . . . . . . . .  
Chord a t  plane of synnetry. i n  . . . . . . . . . . . . .  
Area (senispan). sa_ i n  . . . . . . . . . . . . . . . . .  
Aspect r a t i o  . . . . . . . . . . . . . . . . . . . . . .  
Height (ebove w i n g  chcrd) . in . . . . . . . . . . . . .  
T a i l  length 

Frorn 0.35c of 20° wing t o  0.25Et, io . . . . . . . . .  
From 0.35c of bo wing t o  0.25&, i n  . . . . . . . . .  
From 0.26E of 60' wing t o  0.23& in . . . . . . . . .  

NP-CA 6 k ~ 0 0 6  . . .  1.91 . . .  1.43 . . .  0.72 . . .  1.95 . . .  2.55 . . .  2.86 . . .  0.56 

. . .  6.83 

. . .  6.83 . . .  6.83 
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Figure 1.- Details of the semispan model. o f  Bell X-5 airpl.ane. 
(All dimensions are in inches. ) 
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Figure 2. - Side view of semispan wing-flow model of the Bell X-5 airpl.ane. 
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( a) 60° sweptbnck wing. 

Figure 3. -  Photographs of Bell X-5 semispan model equipped with various 
sweptback wings. 
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(b) bo sweptback wing. 

Figure 3 .  - Continued. 



( c )  20' swepbback wing. 

Figure 3. - Concluded. 
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M L  

.' 0 2 4 6 8 /O 12 /4 16 
Distzmce along F-S/D w ~ h g  surface, in. 

33.5percenf chord 

Figure 4.- Typical cktordwise loca l  Mach nmiber var ia t ion mezsured at 
surface of t es t   sec t ion .  Chordwise loc&ion of model a l so  shown. 
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Figure 5.- Variation of Reynolds number of 60° sweptback wing R,' 
and Reynolds number of tail R t  with Mach number at the wing 
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Figure 7.- Variation  with Mach  number of C,( , CD' , and a f o r  
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Figure 9.-  Variation  with Mach number of Cm, %, and a f o r  
various l i f t  coefficients f o r  semispan model of Bell  X-5 air2lane 
with 20' sweptback wing. (Coefficients  base6 on 20' sweptback- 
wing dimensions.) 
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Figure 10.- Variations of' l i f t  coefficient  with angle of attack  for 
several t a i l  incidences and  wing  sweepback angles at several Mach 
numbers f o r  semispan  model  of Bell X-5 airplane.  Results from ref- 
erence 6 (it = -2') are  also shown. (Coefficients based on 
600 sweptback-wing dimensions. ) 
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Figure 10.- Continued. 
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Figure 11.- Variation of  pitching-moment coefficient  with lift coeff i -  
c i en t   fo r   s eve ra l  t a i l  incidences and  wing sveepback mgles at severa l  
Mach numbers f o r  semispan  nodel  of B e l l  X-5 airplane. Results from 
reference 6 are also shown. (Coefficients based on 60° sweptbeck- 
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Figure 12.- Variation of l i f t  coefficient with drag  coefficient  for 
several t a i l  inciaences and wbg sweepback angles a t  several Mach 
numbers Tor semtspan model of Bell X-5 airplane.  Results from ref- 
erence 6 ( it = -2O) are also shown. (Coefficients based on 
60° sweptback-wing dimensions. ) 
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Figure 13.- Variation w i t h  Mach  number of r a t e   o f  change  of pitching- 
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Figure 15.- Concluded. 
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Figure 16.- Variation  with Mach  number of rate of change of pitching- 
moment coefficient  with t a i l  Incidence at several  angles of attack 
f o r  semispan model of Bell X-5 airplane  with 600 sweptback wing. 
(Coefficient  based on 60° sweptback-wing dimensions. ) 
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Figure 17.- Variation with Mach  number  of stabilizer  angle  required fo r  
trim in level f l i gh t  at altitudes of 20,000 and 40,000 feet with wing 
loading of 50 and center of gravity  located a t  26 percent mean aero- 
dynamic chord of 60' sweptback wing  and a t  35 percent mean aerodynamic 
chord of the hOo and 20' sweptback  wings. L i f t  coeffbieni;   for  level 
f l ight   a lso shown. 
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Figure 18.- Variation with Mach  number of ds/du f o r  semispan model of 
Bell X-5 airplane with the  wing swept back 600, 40°, and 20°. Y 
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